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THE PATHOGENICITY OF BACILLUS BOTULINUS * 

Paul F. O r r 

From the Department of Preventive Medicine and Hygiene, Harvard University Medical 

School, Boston, Mass. 

The early work of van Ermengem l indicated that B. botulinus or 
its spores are not pathogenic in themselves. This view was soon con- 
firmed by others and emphasized by the statements that this organism 
does not thrive at the body temperature and therefore could not produce 
toxin within the body of warm blooded animals. In other words, it is 
commonly asserted that botulism is always due to toxin preformed in 
the food. It has, however, been recently shown that B. botulinus may 
grow and produce toxin in vitro at 37 C. In fact this is the optimum 
temperature for most strains of this organism. The question naturally 
arises, can the spores germinate in the body? Have they invasive 
power? Can toxin be formed within the body? In short, is B. botulinus 
pathogenic? The answers to these questions have practical as well as 
theoretical importance. 

Optimum Temperature for Growth of B. Botulinus 

Van Ermengem, 2 who first described B. botulinus, stated that "it grows 
within a rather wide range of temperature : below 18 C. the growth is slow 
and restricted ; at 20 C. it develops quickly and abundantly, and will usually 
liquefy a layer of gelatin 15 to 18 cm. thick in 8 days. The optimum appears 
to lie between 20 and 30 C. In an incubator regulated to exactly 38.5 C, 
colonies in sugar agar are moderately numerous; however, the growth is 
meagre in comparison with that at 35 C. The solid medium is not fragmented ; 
after 24 to 36 hours growth ceases. If the tubes are then brought to 20 C, 
an abundant gas formation often begins. On the other hand, it is usually 
not possible to obtain a perceptible growth in dextrose broth at 38.5 C. if 
the tubes are hermetically sealed. When taken out of the incubator and placed 
at the ordinary temperature, they show heavy clouding and gas formation 
within 48 hours. A few tubes, however, become clouded at 38.5 C. ; a satis- 
factory reason for the growth could not be found. The organisms grown at 
from 37 to 38.5 C. have taken on an abnormal form and exhibit very long threads 
with irregular granules and occasional thickening. Spores are not present and 
the cultures with these involution forms are only slightly active and soon lose 
their vitality. One observes a moderate growth in glucose bouillon at a higher 
temperature, as 38 C, if care is taken to allow the gas which is produced to 
escape freely. Nevertheless, the bacilli assume the forms of threads and the 
growth ceases after a few hours. 

Received for publication, Aug. 3, 1921. 
* This is part of an extensive investigation on food ooisoning, with special reference to 
botulism, that is being done under the auspices of the Advisory Committee on the Toxicity of 
Preserved Foods of the National Research Council under a grant from the National Canners' 
Association. 

1 Ztschr. f. Hyg. u. Infekhonskr., 1897, 1, p. 26. 

2 Loc. cit. 
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"From these experiments, the conclusion may be drawn that the body tem- 
perature of warm blooded animals is unfavorable for the normal development, 
and "that the temperature of 35 C. and above is to be considered as dysgenetic 
(dyspenetisch)." 

Romer" found the optimum temperature for growth of a strain of B. botu- 
linus which he had isolated from pork to be about 22 C. Spores were soon 
found at this temperature while at higher temperatures they were not formed 
and many involution forms appeared. At 37 C. growth was scant, and the 
cultures remained alive only a short time. 

Dickson, 4 who has isolated several strains of B. botulinus in connection with 
different outbreaks of botulism on the Pacific Coast, states that the optimum 
temperature for the growth of the bacillus and for the development of toxin 
lies between 20 and 30 C. 

Graham and Brueckner 5 isolated a strain of B. botulinus from some ensilage 
involved in a forage poisoning outbreak among horses in Illinois. They state 
that the optimum temperature for growth of this organism was from 22 to 25 C. 

With the exception of these four observations, most of the reports indicate 
that B. botulinus not only grows at 37 C. but actually prefers the body tem- 
perature for its development, yet the accepted view has been that this organ- 
ism is a strict saprophyte unable to grow at body temperature. 

In a preliminary report" I have stated that, contrary to the general view, 
the optimum temperature for growth of B. botulinus is that of the body tem- 
perature, 37 C, and this was found to be most favorable for the growth and 
spore production of all of the 16 strains studied, including the strains of 
Dickson and Graham and Brueckner. Toxin is readily formed at this tem- 
perature. I have since obtained similar observations on 8 more strains of this 
organism. 

Matzuschita,' in a study of the growth and spore formation of a number 
of anaerobes, found that the optimum temperature for growth for B. botulinus 
was from 34 to 38 C., and the maximum temperature was about 45.5 C, 
while 38 C. was most favorable for spore production, and the maximum 
was about 45.5 C. 

Landman, 8 in describing a strain of B. botulinus which was isolated from 
a bean salad, states that it grows as well at 37 C. as at 24 C., differing thereby 
from the van Ermengem strain which showed only a very slight growth at 
37 C. He was unable to observe any thread formation in old cultures of his 
strain as had been described by van Ermengem. Spores were formed more 
quickly at 37 C. than at lower temperatures; however, a stronger toxin was 
produced at the lower temperatures. Of the toxin produced at 24 C., 0.00003 c c 
was fatal for white mice and 0.0003 cc was fatal for guinea-pigs, while of 
the toxin produced at 37 C., 0.01 cc was fatal for mice and 0.1 cc for 
guinea-pigs. 

Schumacher 8 states that the strain of B. botulinus which he isolated from 
ham grows at 18 C. and tolerates also higher temperatures, even up to 37 C. 

Konstansoff, 10 in a study of fish poisoning in Russia, states that he isolated 
an anaerobic organism, B. ichthyismi, which, if not identical with, is very 
closely related to, B. botulinus. The optimum temperature for growth of 

3 Centralbl. f. Bakteriol. I, 1900, 27, p. 857. 

* Monograph 8, Rockefeller Institute, 1918. 

5 J. Bacterid., 1919, 4, p. 1. 

6 Proc. Soc. Exper. Biol. & Med., 1919, 17, p. 47. 

r Zur Phys. d. Sporenbildung der Bacillen, etc., Diss., 1902. 
8 Hyg. Rundschau, 1904, 14, p. 449. 

* Miinchen. raed. Wchnschr., 1913, 60, p. 124. 

10 Vestnik Abshtchestvenney Higieni, 1915, 51, p. 766. 
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B. ichthyismi was found to be about 35 to 37 C, while at 20 C. the organism 
does not grow. In working with several atoxic strains of B. botulinus, this 
investigator found that the optimum temperature for growth was from 20 to 
37 C. 

Nevin 11 succeeded in isolating a strain of B. botulinus from some home- 
made cottage cheese which had caused botulism poisoning in 3 persons. This 
strain grew and produced toxin readily at 37 C. in the hands of Nevin as well 
as Shippen. 12 

Similar results are reported by Burke, 13 who has been working with the 
strains obtained from Dickson as well as with some isolated by herself. She 
states that as originally recorded, the optimum temperature was from 22 to 
28 C. ; however, the pure strains isolated at Stanford grow more rapidly at 
37.5 C. Agar shake cultures showed a well defined and typical growth in 
24 hours at 37.5 C, while at 28 C. from 36 to 40 hours were required for the 
same growth, and at lower temperatures the growth was still slower. She 
found that toxin was produced at 37.5 C. as well as at 28 C. 

Thorn, Edmondson and Giltner " describe a strain of B. botulinus which 
they isolated from asparagus salad in a case of food poisoning. They state 
that "The organism grows best at 37 C. contrary to the findings of van 
Ermengem with respect to his strain, but in harmony with other workers in 
this laboratory with cultures of the Nevin strain." It is interesting to note 
that the strongest toxin obtained by Thorn and his co-workers was from a 
culture which was incubated at 35 C. for a period of 28 days, the minimum 
lethal dose for guinea-pigs being 0.0001 c c. 

Armstrong, Story and Scott 16 state that the strain of B. botu 1 inus which 
they isolated from ripe olives, the causative factor of an outbreak of botulism, 
grows best at 37 C. ; however, growth occurs also at room temperature but 
only after several days. Toxin was also produced more rapidly at 37 C, a 
9-day-old culture developing a toxin approximately 200 times as strong as an 
11-day-old culture grown at room temperature. 

This brief review of the observations regarding the temperature 
relations of B. botulinus shows that at least some strains of this 
organism develop readily and produce toxin at body temperature. This 
brings up the question of the ability of the organism to grow and 
elaborate toxin within the body. 

GROWTH AND TOXIN PRODUCTION OF B. BOTULINUS WITHIN THE BODY 

As stated, B. botulinus is considered to be a saprophyte, lacking 
power for harm in the body, except through its toxin preformed in the 
food. However, in several instances B. botulinus or its spores have 
been recovered from the organs of man and animals dead of botulism, 
suggesting that under favorable conditions, it may invade the tissues. 
It is interesting to note, however, that in practically every case in which 

11 J. Infect. Dis., 1921, 28, p. 226. 

12 Arch. Int. Med., 1919, 23, p. 346. 

13 J. Bacterid., 1919, 4, p. 555. 

" Jour. Am. Med. Assn., 1919, 73, p. 907. 
15 Public Health Reports, 1919, 34, p. 2877. 
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the organism was recovered from the tissue in experimental botulism, 
it was from animals infected by injection of cultures rather than by 
feeding. Thus, Romer recovered the bacillus in one case from the 
spleen of a mouse which was killed 12 hours after the injection of 0.5 
c c of a broth culture, indicating that we are not dealing with a terminal 
invasion. Van Ermengem ie stated that the organism could be recovered 
from the liver, spleen, etc., only in cases in which large quantities of 
spore-containing material was injected intravenously, and even then 
the number of bacteria in the organs is so small that they cannot be 
readily identified by microscopic examination. 



TABLE 1 

Recovery of B. Botulinus from the Tissues of Guinea-Pigs after the Death of 

These Animals Following the Administration of Toxin-Free Spores 



Exper. 


Botulinus 
Strain No. 


Type 


Number of 

Toxin-Free 
Spores Admin- 
istered 


Mode of 
Administration 


Results as to Recovery 
of B. botoln.is 


1 


11 
11 
15 
15 
16 
16 


B 
B 

A 

A 
A 
A 


50,000,000 
50,000,000 
50,000,000 
50,000,000 

50,000,000 
50,000,000 


Subcutaneous 
Subcutaneous 
Subcutaneous 
Subcutaneous 
Subcutaneous 
Subcutaneous 


Negative 
Negative 

Prom liver and spleen 
. FTom spleen 
Negative 
From liver and spleen 


2 


11 

11 
11 
11 


B 

B 
B 
B 


2 c c No. spores 

not determined 

lee 

0.25 c C 

0.25 c C. 


Per os 

Per os 
Subcutaneous 
Subcutaneous 


From liver 

Negative 
Negative 
Negative 


3 


11 
11 

11 


B 
B 
B 


125,000,000 
125,000,000 
125,000,000 


Per os 
Per os 

Per os 


From liver and spleen 

Negative 

Negative 


4 


11 
11 

11 


B 
B 
B 


45,000,000 
45,000,000 
90,000,000 


Subcutaneous 

Subcutaneous 

Per os 


From liver and spleen 

From spleen 

From liver and spleen 


5 


11 
11 


B 

B 


200,000,000 
100,000,000 


Per os 
Per os 


From liver and spleen 
Negative 



I have been able to recover B. botulinus from the organs of animals 
which have died following the administration of toxin-free spores either 
subcutaneously or by the mouth. In 4 of 8 guinea-pigs the organism 
was recovered from the liver or spleen after feeding experiments ; and 
in 5 of 10 guinea-pigs after subcutaneous inoculation (table 1). 

Necropsy examination was made either at the time of death of the 
animals or shortly thereafter. Bits of tissue were removed with bac- 
teriologic precaution and cultivated in minced meat and dextrose agar 
medium. Failure to recover B. botulinus by cultural methods does not 

,c Kolle u. Wassermann, Handbuch d. path. Organismen, 1912, 4, p. 909. 
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necessarily mean that, the organism was absent. Microscopic examina- 
tion of sections of the various organs was not made. 

The question of pathogenicity of the toxin- free spores and bacilli 
when fed or injected has received little attention since the work of 
van Ermengem. The following quotation is from his classic paper. 1 

"We repeat briefly the experiments which demonstrate that B. botulinus is 
absolutely incapable of reproducing itself in the animal body. After we con- 
vinced ourselves of the potency of the cultures filtered through porcelain and 
further had seen that they were active in the same minimum lethal doses as 
the cultures containing the bacteria, we undertook numerous microscopical and 
cultural experiments, which all showed that B. botulinus does not multiply 
either in the exudate, liver, spleen, kidneys, salivary glands, nervous system, 
or in the intestinal tract. It disappears quickly after subcutaneous, intravenous 
and intraperitoneal injections, and induces a considerable phagocytosis, even 
as much as is the case with B. subtilis, one of the most harmless saprophytes. 
These facts do not, however, justify us in denying any infectiousness to 
B. botulinus. It is possible that we cannot imitate the local or the general 
conditions in the animal experiments, which would permit the growth of the 
bacillus in the animal body. Apart from the high potency of the toxin, tran- 
sitory multiplication in the organism, that is, in the digestive tract, etc., might 
take place, which, even without demonstrable proof, might be sufficient to 
cause a fatal infection. 

"With this object in mind, we attempted to free the cultures of their toxic 
principles, without injuring the vegetative properties of the bacteria, by 
washing, addition of alkali and high temperature (70 C). Further, we 
attempted to protect the bacteria against phagocytosis by enveloping them in 
agar, or adding substances which injure the tissues and ward off the leucocytes, 
etc. Repeated experiments of this type gave negative results. 

"On the contrary, Vaillard and Rouget," using the tetanus bacillus and 
Besson 18 using the edema bacillus, have produced true infection of animals in 
similar experiments. 

"Consequently, a basic difference exists between the B. botulinus and the 
above pathogenic species. The first is an organism which lacks any virulence 
in the sense that it does not possess the ability to develop in the living ani- 
mal body. It belongs therefore to the well characterized but small group of 
pathogenic saprophytes, which one may call 'toxicogenic' in contrast to the 
pathogenic infectious micro-organism." 

Similar negative results were obtained by Romer 3 and Landmann 8 and 
more recently by Dickson, 19 who states that "the toxin is never formed within 
the body as the optimum temperature of B. botulinus is from 24 to 28 C. and 
the toxin will not form at a temperature of 37.5 C, the normal temperature 
of the body." 

Shippen " found that the spores of the Nevin strain of B. botulinus were 
not pathogenic when administered to a rabbit subcutaneously or per os. His 
experimental work on this point, however, was meager. Shippen infers that, 
since this organism can produce toxin at body temperature and in an acid 
medium under aerobic conditions (symbioticaily), it might develop in the 
human intestine. 

17 Ann. de I'Inst. Pasteur, 1892, 6, p. 385; 1893, 7, p. 755. 

18 Ibid., 1895, 9, p. 179. 

19 Can. Med. Assoc. Jour., 1918, p. 2. 



Pathogenicity of B. Botulinus 123 

Thorn, Edmondson and Giltner " conclude from their work that B. botulinus 
when freed of its toxin by washing, or the spores freed from toxin by heat- 
ing do not produce symptoms of poisoning when fed or injected. It is to 
be noted that several of their animals injected with washed organisms died 
in from 3 to 4 days, but they infer that the ' bacteria were not sufficiently 
washed free of toxin as the heated spores proved noninfectious. Recently 
these investigators 20 report that they have succeeded in producing the specific 
disease in guinea-pigs by feeding massive doses of toxin-free spores of 
B. botulinus. 

Armstrong, Story and Scott 15 undertook some experiments dealing with the 
growth and toxin formation of B. botulinus in animals. On the whole, nega- 
tive results were obtained by these authors. A few of the guinea-pigs died, 
but this was attributed to the fact that the organisms were not entirely freed 
of toxin. 

Some time ago, I reported 21 that it had been possible in this 
laboratory to produce symptoms of botulism in guinea-pigs by feeding 
or injecting toxin-free spores of B. botulinus (Nevin strain). This 
observation has been confirmed and extended in the following 
experiments. 

The toxin-free spores of 3 different strains of B. botulinus were 
used; No. 11, a type B. strain, and Nos. 15 and 16, type A strains. 
Spores were obtained from minced meat cultures, which were from 4 
weeks to 6 months old. The cultures were centrifugalized, the super- 
natant liquid removed, passed through a Berkefeld filter and from 0.5 
to 1 cc of this filtrate, as a control, was fed to guinea-pigs. These 
animals died in from 20 to 30 hours. The sedimented spores were 
washed 3 times, suspended in salt solution and heated in a water bath 
at 80 C. for 30 minutes side by side with another tube containing some 
of the filtered toxin. In every case guinea-pigs fed or injected with 
this heated filtered toxin remained normal, showing that the heating 
was sufficient to destroy the toxin. The approximate number of spores 
in the various suspensions were determined by a series of dilutions in 
agar shake cultures. 

The spores were administered to some animals subcutaneously and 
to others by the mouth. With the latter mode of administration, some 
of the guinea-pigs were given the spores through a stomach tube, while 
others were fed the spores on pieces of bread (table 2). It is to be 
observed that botulism occurred quite regularly in the guinea-pigs 
which were fed or injected with toxin-free spores. That death was due 
to botulism is shown by the fact that control animals (guinea-pigs 234, 
280 and 290), which received specific antitoxin as well as the spores, 
remained alive. 

20 Arch. Int. Med., 1920, 26, p. 356. 

21 Abstr. Bacteriol., 1920, 4, p. 10. 
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Death in the guinea-pigs following the administration of botulinus 
spores must have resulted from the elaboration of toxin within the 
animal's body, as it was shown by control guinea-pigs (104, 142, 143, 
144 and 400) that the heat to which the spores were subjected was 
sufficient to destroy the toxin. 



TABLE 2 
Production of Botulism in Guinea-Pigs by the Administration of Toxin-Free Spores 

of B. Botulinus 



Guinea- 
Pigs 



324 

328 

321 

330 

322 

326 

104 
108 
109 
110 
142 
143 
144 

145 

146 

147 
148 



400 
250 
286 
234 
280 
290 
257 



Amount 
Heated 
Toxic 
Filtrate 



1.0 cc 



1.0 cc 
1.0 ce 
0.5 cc 



Number 
Toxin- 
Free 
Spores 



Age of 
Spores 



50,000,000 6 mos. 



50,000,000 
50,000,000 
50,000,000 
50,000,000 
50,000,000 



125,000,000 
125,000.000 
125,000,000 



Omos. 
6 mos. 
6 mos. 
6 mos. 
6 mos. 



4 wks. 
4 wks. 
4 wks. 






45,000,000 < 4 wks. 

45,000,000 4 wks. 

90,000,000 ! 4 wks. 

90,000,000 I 4 wks. 



200,000,000 ! 4 wks 
100,000,000 ; 4 wks. 

200,000,000 
200,000,000 
200,000,000 



4 wks. 
4 wks. 
4 wks. 



Method 
of Intro- 
duction 



Subcuta- 
neous 

Subcuta- 
neous 

Subcuta- 
neous 

Subcuta- 
neous 

Subcuta- 
neous 

Subcuta- 
neous 
Per os 
Per os 
Per os 
Per os 
Per os 
Per os 

Subcuta- 
neous 

Subcuta- 
neous 

Subcuta- 
neous 
Per os 
Per os 



Per os 
Per os 
Per os 
Per os 
Per os 
Per os 



Amount 

Specific 

Antitoxin 

Injected 



50 units 
500 units 
5000 units 
5000 units 



Strain 
No. 



15 

15 

16 

16 

11 
11 
11 
11 
11 
11 
11 



11 
11 



11 
11 
11 
11 
11 
11 
11 



Type 



Results 



Died at ler 90 hours 

Died after 76 hours 

Died after 90 hours 

Died after 106 hours 

Died after 60 hours 

Died after 90 hours 

Remained normal 
Died after 84 hours 
Died after 143 hours 
Died after 93 hours 
Remained normal 
Remained normal 
Remained normal 

Died after 249 hours 

Died after 96 hours 

Died after 120 hours 
Developed weakness 
after 2 weeks. Final- 
ly recovered 
Remained normal 
Died after 33% hours 
Died after 66 hours 
Survived 
Survived 
Survived 
Survived 



The results from the subcutaneous injection of guinea-pigs of 
strains 11, 15 and 16 were quite comparable; in fact, there were no 
striking differences either in the symptoms or the course of the illness. 
Death resulted usually on the third or fourth day. 

Guinea-pig 145, injected subcutaneously with 45 million spores, did 
not die until the tenth day, having developed symptoms on the sixth 
day, indicating that the number of spores may play an important role in 
producing botulinus infection. Of guinea-pigs 147 and 148, which were 
given 90 million spores per os, one animal died on the fifth day and 
the other, although developing weakness, survived. Guinea-pigs 250 
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and 256, given 200 million and 100 million spores, respectively, in the 
same manner, died on the second and fourth day. 

Similarly, a series of white mice were injected with toxin-free 
spores of strains 11, 15 and 16, prepared as indicated. Some of the 
mice were given protective doses of specific antitoxin to serve as 
controls (table 3). 

All of the mice inoculated with the spores of strain 15 and some of 
the mice inoculated with strain 11 survived as well as those injected 
with the strain 16, but which were given antitoxin. On the other hand, 
all of the mice injected with spores of strain 16 and not receiving 
antitoxin died. Whether or not these differences in results are due to 
differences in virulence of the strain cannot be definitely stated. 









TABLE 


3 






Results of Inoculation 


of White M 


ICE WITH 


THE TC 


xin-Free Spores of B. Botulinus 


No- of 


Method of 


No. Spores 


Strain B. 


Type 


Antitoxin 


Eesu:ts 


Mice 


Inoculation 


Injected 


Botulinus 




Injected 






Subcutaneous 


10 000,000 


11 


B 




1 died 70 hours, 3 survived 




Subcutaneous 


10,000,00.", 


11 


B 


0.1 cc 


Survived 




Intraperitoneal 


10,000,000 


11 


B 




1 died 58 hourg,3 survived 




Intraperitoneal 


10,000,000 


11 


B 


0.1 cc 


Survived 




Subcutaneous 


10,000,000 


15 


A 




All survived 




Subcutaneous 


10,000,000 


15 


A 


0.1 cc 


Survived 




Intraperitoneal 


10,000,000 


15 


A 




All survived 




Intraperitoneal 


10,000,000 


15 


A 


0.1 cc 


Survived 




Subcutaneous 


10,000,000 


16 


A 




All died in 44 hours 




Subcutaneous 


10,000,000 


16 


A 


0.1 ec 


Survived 




Intraperitoneal 


10,000,000 


16 


A 




2 died 24 hours, 2 died 27 
hours 




Intraperitoneal 


40,000,000 


11 


B 




Survived 




Intraperitoneal 


40,000,000 


11 


B 




Survived 




Intraperitoneal 


40,000,000 


11 


B 


0.1 cc 


Survived 




Subcutaneous 


20,000,000 


11 


B 




Died 120 hours 




Subcutaneous 


20,000,000 


11 


B 




Died 120 hours 




Subcutaneous 


20,000,000 


11 


B 


0.1 cc 


Survived 



With strain 11, the mice which were injected subcutaneously with 
20 million spores died in about 120 hours, while those injected intra- 
peritoneally with 40 million survived, the variations in results of which 
may be attributed to differences in phagocytic action. The results of 
this series of inoculations indicate that, in mice, toxin-free spores of B. 
botulinus may occasionally produce an infection, when enormous num- 
bers are injected intraperitoneally or subcutaneously. 



TOXIN PRODUCTION IN VITRO 

As a supplementary experiment, a tube containing 10 cc of 0.85% 
sterile salt solution, a tube containing 10 c c of sterile defibrinated 
normal guinea-pig blood, and a tube containing 10 c c of minced meat 
medium were each inoculated with 200 million of the same toxin-free 
spores as were fed to the guinea-pigs. These tubes were incubated 
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at 37 C. and at the first appearance of symptoms of botulism in guinea- 
pigs 250 and 286, these 3 cultures were filtered through Berkefeld 
niters (the blood, however, was centrifuged) and 4 c c of each of the 
resulting filtrates were fed to normal guinea-pigs. The guinea-pig fed 
4 c c of the filtrate from the salt solution culture remained normal, thus 
showing no toxin production in this medium. The guinea-pig fed 4 c c 
of centrifugalized blood culture died 11 hours later. The guinea-pig 
fed 5 cc of the filtrate from the minced meat culture died 5 hours 
later, or a total time of 35 hours from the inoculation of the meat 
culture, whereas in the experiment showing the possibility of develop- 
ment of spores in vivo, the guinea-pig (250) died in 33V2 hours, a 
fairly close correlation. 

As a direct proof of the actual production of toxin in the body, 
the brain and heart blood were taken from the guinea-pigs which died 
following the ingestion of toxin-free spores and used to prepare an 
antigen for precipitation tests according to the method of Bronfen- 
brenner and Schlesinger. 22 The antigen prepared from the brain of 
the guinea-pig (286) which died after 66 hours gave a positive pre- 
cipitin test for botulinus toxin. The antigen prepared from the blood 
of this guinea-pig, as well as a similar antigen prepared from the 
brain and blood of the guinea-pig (250) which died in 33 hours, gave 
negative precipitin tests. In addition, to test further for the presence 
of toxin in these tissues some of the solutions containing the triturated 
brain and blood of the animals which died were injected into white 
mice. The mouse injected with the triturated brain which gave the 
positive precipitin test died after 4 days, others remained alive, thus 
fully confirming the results of the precipitin test. 

The results of these experiments indicate that feeding massive 
doses of toxin-free spores to guinea-pigs may produce botulinus infec- 
tion. That death of the animals used in these experiments was due to 
botulism is shown by the fact that those animals given specific anti- 
toxin were protected. The recovery of B. botulinus from the internal 
organs as well as the identification of botulinus toxin in the brain of 
one of the animals would seem to indicate an infection with resulting 
elaboration of toxin in the body. 

It was found that the inoculation of 200 million spores into 
defibrinated guinea-pig blood and into minced meat would produce 
enough toxin in 30 hours at 37 C. to kill a guinea-pig in from 5 to 11 
hours. 

22 Proc. Soc. Exp. Biol, and Med., 1919, 17, p. 24. 
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The results of the inoculation of mice with toxin-free spores would 
indicate that infection was more likely to occur as a result of sub- 
cutaneous injection than of intraperitoneal injections, probably due to 
inferior phagocytic action in the former case. 

On the whole, it has been possible to produce botulinus infection by 
feeding and injecting massive doses of toxin-free spores of B. botulinus. 
Whether botulinus infection ever occurs is a matter of conjecture. It 
seems that under certain conditions this might occur, especially as a 
combined intoxication and infection. Botulism due solely to an initial 
infection with B. botulinus is probably exceedingly rare, as it would 
be quite unusual for a person to ingest a massive quantity of spores 
without getting a relatively large amount of toxin also. 

In connection with this work, it is interesting to note that Ronca, 23 
who has been studying the possibility of blackleg infection through the 
ingestion of the causative organism, one of the pathogenic anaerobes, 
has found that experimental blackleg infection of guinea-pigs was suc- 
cessful only when massive doses of the organism were ingested. Ronca 
concludes that under certain favorable conditions blackleg infection 
may be brought about by ingestion of B. chauvaei, which, unaltered by 
the passage through the stomach, may gain access to the circulation 
through some vulnerable point in the intestinal walls. 

conclusions 

The optimum temperature for growth and elaboration of toxin by 
B. botulinus is that of the body temperature, 37 C. 

B. botulinus can be recovered from the internal organs of animals 
which have been fed or injected with toxic cultures and also with toxin- 
free spores of this organism. 

B. botulinus, under certain conditions, will grow and produce toxin 
in the body of the guinea-pig. 

Experimental botulism can be produced in laboratory animals by 
the feeding or injection of massive quantities of toxin-free spores of 
B. botulinus. 

The presence of toxin produced in the body as a result of growth of 
toxin-free spores in the body can be demonstrated by the precipitin 
test as well as by direct toxicity tests. 

Botulism poisoning in man due to the ingestion of spores is probably 
very rare, if it occurs at all. The possibility of such occurrence must, 
however, be considered. 

23 Clin. Vet. Ross. Polyea Sanit. e Sg., 1920, 43, p. 195. 



